In the paper, numerical simulations of fibre tension in one kind of asymmetric ring spinning triangle caused by horizontal offsets of the twisting point is studied by using the finite element method (FEM) to change the spinning triangle geometry actively and improve the quality of yarn has attracted great interest recently [9] .
shown in Figures 2 and 3 , respectively.
Here O is the twisting point, W the width of the spinning triangle, H the height of the spinning triangle, b the apex angle, N the total number of fibres in the spinning triangle, m the number of fibres on the right (left) side of the twisting point in the spinning triangle with left (right) horizontal offsets, l 1 the length of the left (right) boundary fibre in the spinning triangle with left (right) horizontal offsets, l 2 the length of the right boundary fibre in the spinning triangle with right (left) horizontal offsets, and F is the spinning tension. In order to describe the geometric skewness of the spinning triangle, a shape parameter t is introduced in the following simulation. In to change the spinning triangle geometry actively and improve the quality of yarn has attracted great interest recently [9] .
In recent years, theoretical researches on the spinning triangle have attracted more and more attention, and fruitful results have been obtained. One theoretical model of the symmetrical spinning triangle was established based on the energy method, and the distribution of fibre tension in the spinning triangle was studied [2] . However, in practical spinning, the spinning triangles are often asymmetric. Then the model was further extended to asymmetric spinning triangles by introducing shape parameters for describing the asymmetry of the spinning triangle [4, 5, 8] . However, with the energy method, some important mechanical properties of the spinning triangle are not considered due to the problem of dissipated friction energy and the mathematical complexities. Therefore the distribution of fibre tension and torque in the symmetrical ring spinning triangle were studied by FEM [3] . Motivated by all these research works above, in this paper, the mechanical behaviour of one kind of asymmetric ring spinning triangle caused by horizontal offsets of the twisting point will be studied by using FEM.
n Introduction
In the process of spinning, the fibre strand first moves out from the front roller nip, in which almost all fibres are parallel to the twisting axis of the strand. Then fibres in the strand are twisted into a yarn body by the rotating of the traveller, and a pinning triangle is consequently formed (see Figure 1) . Therefore the spinning triangle is a sensitive region in the spinning process of staple yarn. Its geometry influences the distribution of fibre tension and torque in the spinning triangle and determines the qualities of yarn [1] . The existence of the spinning triangle has a positive effect not only on the quality of yarn, but it also has a negative effect. Therefore we should control the spinning triangle reasonably. Taking appropriate measures 
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In general, the values of t range from 0 to 1. When t = 1/2, the shape of the spinning triangle is perfectly symmetric. When t = 1, there is a right-angled shape of the spinning triangle, and when t = 0, there is a left-angled shape of the spinning triangle (see Figure 4) . Meanwhile when t > 1/2, it describes the spinning triangle with the right offset, while when t < 1/2, it describes the spinning triangle with the left offset. For giving simulations of the spinning triangle with both the left and right offsets uniformly, the longest fibre in the spinning triangle is assumed as the number one fibre, and the shortest fibre as the number N fibre in the simulations (see Figures 2 and 3) .
In order to investigate the mechanical performance of the asymmetric spinning triangle by using FEM, the following assumptions are made [3, 8] . The cross-section of all fibres is a circle with identical diameters. All fibres are gripped between the front roller nip and the convergence point. The fibres' stress-strain behaviour follows Hooke's law for small strain. The friction contacts between fibres and the front bottom roller and fibre slippage or migration are not considered. The initial strain of the fibre with the shortest length is set as zero. Then in order to discuss the effects of the spinning triangle offset on the distribution of fibre tension and torque in the spinning triangle, the following two different cases will be discussed. 
Here, s l is the length of the shortest fibre in the spinning triangle. Then for convenience of analysis, we assumed that the initial strain of the fibres in the spinning triangle i ε can be calculated approximately as follows.
Case 2: In this case, the angle between any two adjacent fibres is supposed to be distributed evenly in the front roller nip, i.e. the angle between any two adjacent fibres a is
Then the length of each fibre i l in the spinning triangle can be calculated by solving the triangles. Then the initial strain of each fibre can be calculated as
Finite element model of spinning triangle

Finite element theory
In order to analyse the mechanical properties of the asymmetric spinning triangle by FEM, the element stiffness matrix of the beam elements is calculated using the direct stiffness method. The relationship of the element stiffness matrix, element node displacement and element nodal force is [6] :
Here The algorithm of element birth and death should be used in the simulations when the fibre bulking is considered, which can be implemented for the stiffness matrix multiplied by a small factor, which can be approximately 1.0E-6. In order to obtain more practical results, the FULL N-R option should be open when the algorithm of element birth and death is applied. Meanwhile the death elements required should be solved first [5] .
Establishment of finite element model
For obtaining a finite element model of the spinning triangle, the fibres in the spinning triangle are considered as a 3D elastic beam element. In order to make the mechanical property of the beam close to the actual fibre property, the beam element, which bears tensile, compressive, torsion and bending, is assumed to have three translation displacements and three rotation displacement structures at each one node. When fibre bucking is considered, the beam elements n Fibre tension distributions
Fibre tension distributions without fibre bulking
Simulation results in Case 1
Under the assumptions in case 1, simulation results of the fibre tension distribution in the spinning triangle with different offsets at two different twist factors: 360 and 400 are shown in Figure 6 . It is shown that the distribution of fibre tension in the spinning triangle is symmetrical about the middle fibre when t = 1/2, while the fibre tension distribution in the spinning triangle is asymmetrical when t ≠ 1/2. With an increase in t when t > 1/2, or a decrease in t when t < 1/2, the asymmetry of the curve is increased. Meanwhile as shown in Figure 6 .a, the distribution curve of fibre tension in the spinning triangle is a coincidence for t = 1 and t = 0, or t = 1/4 and t = 3/4 due to the labelling method in the paper (see Figures 2 and 3) . Therefore the fibre tension distribution in the spinning triangle at twist factor 400 is given in Figure 6 .b only for t = 1/2, t = 3/4 and t = 1.
(the twist factor a and yarn twist T can be converted to each other as / T N a = , where N is the count of the yarn in tex), the number of fibres in the spinning triangle: N= 113, fibre diameter: 0.016 mm, fibre elastic modulus: 5 N/tex, fibre shear modulus: 1.35 N/tex, fibre density: 1.54 g/mm, spinning angle [3] b = 2θ, where θ is the yarn surface-helix angle and tan θ = 2pRT, R the yarn radius and T the yarn twist, spinning tension: 30 cN, and the width of the spinning triangle: W = 2.5 mm. In the following analysis, the width of the spinning triangle is assumed to be unchanged since the ends of fibres in the spinning triangle are pressed by the nip line. Then finite element models of the spinning triangle can be obtained with different offsets, as shown in Figure 5 . The other input simulation parameters are shown in Table 1 . Then the distributions of fibre tension and fibre torque in the spinning triangle both with and without fibre bucking under different spinning triangle offsets will be simulated using ANSYS software. which are located in the compressed state will be set as the death element. Meanwhile the stress-strain behaviour of the beam element follows Hooke's law for small strain [6] .
To illustrate the effects of the offsets of the spinning triangle on the distribution of fibre tension and torque, the spinning triangle in 14.6 tex cotton combed yarn spinning was taken as an example to study, as follows. The simulation parameters are as follows: yarn diameter: 0.143 mm, yarn twist factor: 360 and 400 From the Figure 6 , it is easy to see that fibre tensions at different offsets have different magnitudes, and the detail range of fibre tension is shown in Table 2 . It is seen that the curve of fibre tensions with the right-angled or left-angled shape exhibits the largest variation. Meanwhile with an increase in the twist factor, the magnitude is also increased.
Simulation results in case 2
Under the assumptions in case 2, simulation results of the fibre tension distribution in the spinning triangle with three different offsets at two different twist factors 360 and 400 are shown in Figure 7 .
In the Figures, compared with the curve obtained in case 1, the gradient of fibre tension curve is smoother, and the value of fibre tension is a little larger. In addition, with an increase in the twist factor, the magnitude of fibre tension is also increased.
According to the simulation results above, the distribution of fibre tension in the spinning triangle is symmetrical about the middle fibre in the spinning triangle without offset. That is, in the process of spinning, the fibres on left and right sides of the spinning triangle will flip to the centre of the triangle and gather in the yarn body. In this case, on the one hand, the fibres, especially the boundary fibres, in the spinning triangle centre cannot be wrapped into the yarn body completely and form hairiness. On the other hand, there exists an angle between the fibres and yarn axis, which leads to a decrease in yarn strength.
With an increasing in left (right) offset, the fibres on the right (left) side of the spinning triangle have larger tension than that of the fibres on the left (right) side. In general, for Z (S)-twist yarn, when the "Z" ("S") twisting affects fibres in the spinning triangle, the fibres on is used as raw material, and the yarn twist factor is 360 and 400. The test instruments are listed as follows -Yarn hairiness tester: YG173A, testing speed 30 m/min, and testing length 100 m. Yarn strength tester: YG020B, stretching velocity 5 m/min, and pre-tension 7.3 cN.
The test results are shown in Tables 3  and 4 .
From Tables 3 and 4 , we can see the comprehensive quality of 14.6 tex cotton combed yarn with Z twist is the best at both of the different twist factors when t = 3/4. From the analysis above, for Z-twist yarn, fibres on the left side can be controlled better with the right offset, while those on the right side are still controlled by the pre-twisting. Therefore with an appropriate right offset, yarn qualities can be improved with Z twist.
Simultaneously with an appropriate left offset, yarn qualities would be improved with S twist. Therefore the result is consistent with the simulation results above.
Meanwhile we can guess that the comprehensive quality of 14.6 tex cotton yarn with S twist would be improved when t = 1/4.
n Conclusion
In this paper, the relationship between the offsets of the twisting point of the spinning triangle and the distribution of fibre tension and fibre torque in an asymmetric ring spinning triangle has been analysed by using FEM. In order to describe the asymmetric nature of the spinning triangle, the one shape parameter t is adopted in the analysis. Values of the shape parameter t range from 0 to 1. When t > 1/2, it denotes that the spinning triangle has a right offset, while the spinning triangle has the left offset when t < 1/2.
By using FEM, the distributions of fibre tension and fibre torque in a asymmetric ring spinning triangle with different offsets have been obtained. The simulation results show that with an increasing in the spinning triangle offset, the asymmetry of the curve is increased, as well as the magnitudes of fibre tension. Meanwhile compared with the case where fibre bucking is considered, the fibre tension is greatly increased when fibre bucking is not considered. Meanwhile with an increasing in the spinning triangle offset, fibre torque is decreased, which is beneficial for reducing yarn torque. However, with an increasing in the spinning triangle offset, the other yarn qualities may become poor. Therefore in the acsion is greatly reduced in the case where fibre bucking is considered.
n Fibre torque distribution
In this section, the effects of the spinning triangle offset on the fibre torque distribution will be discussed. By using FEM, where fibre bulking is not considered, simulation results of the fibre torque distribution in the spinning triangle with three different offsets at two different twist factors: 360 and 400 are shown in Figures 10 and 11 under the assumptions in case 1 and 2, respectively. From the figures, with an increase in the twist factor, the value of fibre torque is increased. From Figures 10.a and  11 .a, for the same twist factor, where the offset changes from t = 1/2 to t = 3/4, the torque of fibres which are located from 0 th to 60 th is gradually reduced, whereas thatof fibres which are located from 61 th to 113 th is gradually increased. When the offset t = 1, the fibre torque is significantly reduced. That is, a suitable spinning triangle offset may reduce the yarn residual torque. However, from the simulation results of fibre tension above, the spun yarn may have poor strength and more hairiness when t = 1. Therefore in the actual spinning, the optimal spinning triangle offset should be comprehensively considered.
n Experiments 14.6 tex cotton combed yarn with Z twist was spun on a FA507B ring spinning machine, and the offsets of the spinning triangle controlled by changing the position of the feeding bell mouth, see Figure 12 .
As shown in Figure 12 , the bell mouth can be moved in the shifting device, and the offset of the spinning triangle can be changed correspondingly. In the shifting device, five key points: a, b, c, d and e are defined, and the offsets of the spinning triangle are 1, 3/4, 1/2, 1/4 and 0, correspondingly. Combed roving of 400 tex proving yarn qualities. However, with an increasing in the offset, the tension of outer fibres increases fast, and when the fibre tension increases to a certain degree and exceeds the maximum tolerance of the fibre, the fibre will be broken and not benefit yarn quality. In a word, the choice of spinning triangle offset t = 3/4 or t = 1/4 may improve JC40 S yarn qualities, which will be verified in the experimental part.
Fibre tension distributions with fibre bulking By using FEM, when fibre bulking is considered, simulation results of the fibre tension distribution in the spinning triangle with three different offsets at two different twist factors: 360 and 400 are given in Figures 8 (see page -2) and 9 under the assumptions in case 1 and 2, respectively. From the figures, with an increase in the offset of the spinning triangle, the value of fibre tension is increased. Moreover the value of fibre tension obtained in case 2 is larger than that of in case 1. Compared to the case where fibre bucking is not considered, fibre ten- tual spinning, the optimal spinning triangle offset should be comprehensively considered.
